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This artz’cle is the first in a three- NPDES stormwater runoff discharge .Over the years, based primarily
part series on the subject of urban permits. The USEPA’s currenton hydraulic considerations, a num-

stormwater runoff. Part I discusses stormwater quality managementber of structural BMPs have been

the reasons why this category ofprogram calls for stormwater-developed for allegedly controlling
caused "pollution" to be comrolied water pollution from urban

stormwa(e~’runoff should be regu.
lated differently than municipal

to the maximum extent practicablestormwater runoff. Detention basins, ..

and industrial wastewater.
(MEP) through the use of best man- grassy swales and other vegetative.
agement practices (BMPs). However,areas and int’dtration areas are often
this term, maximum extent practica-promoted as BMPs for this runoff.

T he’amended Clean Water Act,ble, has not yet been defined by Con-However, as discussed later, a criti-
reautho.rized by Congress in gress, the USEPA, or state or localcal review of the potential effects of
1987, mandated that the U.S.agencies, stormwater runoff-associated chemi-

Environment~i Protection Agency A wide range of views on what cal constituents raises .significant
develop a National Pollutant Dis- MEP means exists. Some peoplequestions about whether a detention
charge Elimination System (NPDES)advocate that MEP means achievingbasin is, in fact, a treatment system
permit program for urban stormwa-water quality standards at the edgefor removal of pollutants in urban
tdr runoff discharges. The initial of the mixing zone for the stormwa-stormwater runoff. A number of the
phase of this program was to beter runoff. Others maintain that good issues associated with developing
devoted to urban areas with popu- housekeeping at industrial sites and technically-valid, cost-effective
lations greater than 100,000. Fur-proper street sweeping and litterapproaches to the evaluation and
ther, industries and consti-dcrion pick-up practices in urban areas aremanagement of urban and industrial
sites were required to obtainadequate BMPs to achieve MEP. stormwater runoff-caused water
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sewerage which must collect stormwater, along
States, Milwaukee, Wisconsin, has many miles of

with domestic and industrial wastewater, "and send the
combination to treatment plants. The photograph
shows a section of the 17-mile tunnel that hasbeeal
constructed 300 ft below the city to act asbofli storage
and conveyafice f6r ttig massive volumes of mixed"
sewage and stormwater that collect after i-i~inevents2>

, The system has been in use for almost two years and
was designed to reduce by over 90 percent the 7humT.i.
her of combined sewer overflows which Odcur in the.°
metropolitan region in the c.6urseof a y~. :It
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water quality, including those intended’t0dbntrol the
m̄akeup of stormwater runoff fromindustrial,"
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quality impairments are reviewed in designated beneficial uses. One ofstituents. Typically these receive
this first article, these is the particulate matter pre- the greatest attention in urban

sent in stormwater runoff. Suspend- stormwater .runoff qualitT manage-
Stormwater Runoff Pollution ed and deposited sediments canment programs. Chemical con-

’ The USEPA’s stormwater man- affect water quality in ways not relat- stituents exist in aquatic systems .in
agement regulations specificallyed to the chemical characteristics of a variety of chemical forms, only
delineate that urban stormwaterthe particulate matter, which can some of which are toxic-available
runoff management programs con-cause filling of the water body and therefore can be adverse to
trol pollutionofwaters. Pollution is receiving the stormwater runoff, aquatic life and to other designated
deemed in these regulations as wellThis, in turn, can interfere with nay- beneficial uses of a waterbody.
as in the Clean Water Act and in igation and change the characteris-With few exceptions, it is the dis-
many state regulations as thetics of the water body. The settled solved forms that are toxic-avail-
impairment of the designated bene-
ficial uses of the waterbody receiv-
ing the stormwater runoff. In
accord with the 1972 amendments ~guishclearly between pollutants and non-
to the federal regulations governing stormwater runoff, management programs.
water pollution control in the US ...... .!:.~..":~.~.~ }..
(PL 92-500), all waterbodies in the ....... " "~: ,’:, .’-. ’.’ ¯
United States were to be classified ¯ .
with respect to their designatedparticulate matter also can adversely able. While this has been known for
beneficial uses. ~Sses such as domes-impact fish and aquatic life ttirough over 25 years, the USEPA recently
tic water supplies, propagation ofsmothering of organisms and alter-acknowledged this situation in its
fish and aquatic life, recreation, ing their habitat. Particulate canguidance for regulating heavy met-.
agricultural and industrial water ~up-.affect the optical properties of the als in ambient waters, where the
plies, navigation, and waste heat dis-waterbody by causing turbidity Agency now recommends that the
sipation, etc., are typically consid-which can influence the aesthetic dissolved heavy metal concentra-

..... ered. The 1972 regulations estab-quality of a water body and the pho- lion be used as an indicator rather
lished as a national goal that all waterstosynthesis that may take placethan total heavy metals. The partic-

"’ of this country should be ."fishable there, ulate forms such as those that may
and swimmable." Normally, propaga- The second major group of con- be removed in a stormwater deten-
t.ion of desirable fish and aquatic lifestituents of concern in urban tion basin normally are non-toxic
and bo.dy 9ontact recreation (wading stormwater runoff which may and non-available. This same situa-
and swimming), and of fresh water adversely affect designated benefi-tion also applies to most other
domestic supplies, require the high-cial uses is made up of pathogenicchemical constituents in stormwa-

~ estqu~flity, organisms, especially the entericter runoff and other sources of
PL 92-500 also established as awaterborne pathogens. (bacteria,chemical constituents. It is for this

national goal zero pollutant dis-viruses or protozoans). Thesereason that stormwater detention
charge.’ This was supposed to beorganisms are of concern becausebasins are typically not effective in

i achieved by the mid 1980s. It is they can affect the quality of removing, chemical pollutants.
’, important to emphasize that thisdomestic water supplies, as well asThey, however, can be effective in

goal was not zero chemical con- the sanitary quality of water used removing suspended sediment. The
stituent discharge, i.e., the equiva-for contact recreation. While typi- impact of these particulates
lent of distilled water. Instead it cally in the past the sanitary qualityremoved in a stormwater detention
focused on controlling those chem-of a water has focused on fecal col- basin is not related to the chemical
ical constituents which in fact iforms, today increasing attention ischaracteristics of the sediment.
cause pollution. As discussedgiven to the enteroviruses, esp,ecial- Another factor tO be considered
below, it is important to distinguishly the cyst-forming protozoans suchin evaluating the potential water
clearly between pollutants and non-as Cryptosporidium and Giardia.quality effects of chemical con-
pollutants in developing stormwa-It is now well known that water stituents in stormwater runoff is the
ter runoff management programs, meeting the coliform standard for duration of exposure tP:at aquatic

The 1972 federal regulations contact recreation or domestic’ organisms can receive ill the receiv-
required the USEPA to develop water supplies is not necessarilyi.ng waters for stormwater runoff.
water quality criteria which would safe for consumption or contact The shorter the duration of expo-
ser~’e as a basis for state water quai- recreation since the enterovirusessure, the greater the concentration
ity standards that when achievedand the protozoan cysts are moreof toxic-available forms that can be
will be protective of designated difficult to control by chlorine dis- present without adversely impact-
beneficial uses of water bodies, infection than the coliforms, ing the designated beneficial uses of

Three types of constituents in Third on. the list of concern in a waterbody. Because of the short-
urban and industrial stormwaterterms of potentially causing.term, episodic nature of" ~most
runoff have the potential to cause impaired use of receiving water stormwater runoff events, m.uch
water-pollution, i.e., impairment of bodies are the chemical con-higher concentrations of chemical
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constituents can be present thanrelated beneficial uses, the chemi-failed to determine the water quali-
the worst-case or near worst-casecal constituent, either alone or in ty effects of the elevated concentra-
USEPA criteria and state water qual-combination with other chemical tions of chemical constituents pre-
ity standards, and still protect the compounds, must adversely affect sent in the runoff samples investi-
designated beneficial uses of thethe numbers, types and/or charac-gated. This was a .significant deft-
water body. teristics of desirable aquatic life. ciency in the NURP studies which is

Typically today, those working in still adversely influencing the cost
Unreliable Reporting of Water Quality Sig- the urban stormwater runoff watereffectiveness of stormwater runoff
nificance quality field inappropriately label as quality evaluation and management

Unfortunately the USEPA and pollutants all chemical constituents programs.
state regulatory agencies responsi- in runoff that have been found to be Based on the large amount of
ble for conducting the National pollutants in other situations. It is reliable information that has been
Water Quality Inventory in which totally inappropriate to assert that a developed, and the basic principles

of aquatic chemistry, aquatic toxi-
cology and water quality evaluation
and management, it is more techni-

’ of a water has focused cally valid to assum.e that chemical
inc~easi-ng attention is given to the constituents In urban stormwater

such as runoff normally considered to be
pollutants are, In fact, non-pollu-
tants. While typical runoff from res-
idential and commercial areas con-
tain~ a wide variety of chemical

urban stormwater runoff is rankedchemical constituent, such as cop-constituents at concentrations
as the second most important causeper present in highway or streetabove USEPA water quality crite-
of water quality impairment In therunoff, adversely impacts the desig- ria/state sta.ndards, it is rare that
country have been providing unreli- hated beneficial uses of the watersuch examples ~esult In significant
able information to Congress andbody receiving this runoff because’ impairment of the designated bene-
the public on this issue. A critical copper from a different source,ficial uses of the water tiodies
review of how this ranking was such as in plating or mining wastes," receiving the runoff. This situation
developed shows that it was is a pollutant in some other waterarises from the fact that most of the
assumed that any parameter valuebody. This is technically invalid chemical constituents in runoff
outside a water quality standard in and can result in a massive waste offrom residential, street and high-
the receiving waters for an urbanpublic and private funds assigned to way, and commercial areas are In
stormwater discharge represented acontrol chemical constituents bY non-toxic, non-available forms. Fur-
water quality use impairment. Asvarious types of structural BMPs, ther, because of the limited dura-
discussed here, and as is welle.g., stormwater detention basins,tion of exposure that desirable
known, significant excursions that will have little or no impact on aquatic organisms,can receive near
beyond water quality standards of the rec.eiving water quality, points of runoff discharge, even the.
the type available today can and do Beginning In the 1960s, severalfailure of such discharge to meet
occur without any impairment ofstudies were conducted In various state standards for toxic-available
the designated beneficial uses oflocations in the United States which forms in typical runoff will not
the water bodies in ,which thedemonstrated that urban stormwa-. result in a significant impairment.
excess occurs, ter runoff contained chemical con- Therefore, it is appropriate to

: stituents at significantly elevated regulate chemical constituents in
Chemical Constituents vs, Pollatants concentrations compared to mosturban stormwater runoff differently

Significant l~roblems exist today ambient waters. In the late ’70s andthan the approach that has been
in the stormwater runoff water early ’80s, the USEPA conducted.aus.ed for municipal and industrial
quality evaluation and management. National Urban Runoff. Programwastewaters. Failure to take the dif-
field due to the fact that many of (NURP) in Which studies were ferences into account can result in
the individuals working in this field undertaken-in- several cities acrosslarge-scale waste of public and pfiT
do not distinguish or properly dis- the country that involved monitor- vate funds applied to control chem-
tinguish between inert chemical ing chemical constituent concentra- icals in stormwater runoff that have
constituents (non-pollutants) and tions in stormwater runoff. It was little or no effect on the designated
pollutants. For a chemical con-known at the time the NURP stud-beneficial uses of the specific
stituent in stormwater runoff to be ies were initiated (from the workreceiving waters.
a pollutant, it must be present indone in th~ ’60s), that chemical While the focus here is on urban
the water body receiving that constituents In urban stormwater stormwater runoff, these" same
runoff in sufficient concentrations runoff typically were associated issues are equally applicable to rural
of availabl~ forms for a sufficient with particulate matter and wereand industrial stormwater runoff.
time to be adverse to the designatednon-toxic and non-available. How- To require, as is being done today,
beneficial uses. For aquatic life-ever, the Agency’s NURP studies that runoff from industrial proper-
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~ie~ meet statd¯ wa~er quaH~y start:da~ds as goals defining ~IEP, and by
dards at the point where the runoffwhich BMPs are to be evaluated.
leaves the property represents.Such ¯approaches are technically
gross over-regulation of its chemical invalid and will grossly over-regu-
constituents. ¯- late stormwater runoff-assa~iated
Taking a different approach for:"’chemical constituents. - "~.~

regulating urban, industrial and ~ Rather than trying to achieve
rural stormwater runoff chemicalinappropriately developed water
constituent control than has been quality standards for stormwater
used for end-of-pipe municipal and runoff discharge situations, the
industrial, wastewater discharges~approach that should be followed is
does not mean these discharges alsoto first define on a site-specific basis
are not in some instances beingwhat, if any, real water quality use
over-regulated today. The 1972impairment is occurring for a par-
Amendments to the Water Pollutionticular discharge. Where specific
Control Act initially required that use impairments have been def’med,
municipal and industrial discharg- then efforts should be made to
ers achieve tTxed degrees of treat-determine their specific cause, i.e.,
ment irrespective of the need tothe specific chemical constituents
prote.ct the designated beneficial. and forms that cause use impair-
uses of the receiving waters for thement. When defined, efforts should
discharges, i.e., effluent standards,be made to control these sub-
These discharges now ar~ requiredstances at the source. Only in situa-
te achieve water quality standards tions where it is not possible to
at the edge of a mixing zone in thecontrol at the source should struc-
receiving waters. The standardstural BMPs be developed to treat
being applied to these dischargesthe stormwater runoff for control
are designed to protect the desig-purposes.
hated beneficial uses under worst- There is little doubt that the
case or near worst-case conditions.. structural BMPs evehtually needed
This means normally that municipalto control real water quality prob-.
and industrial wastewaters treatedlems associated with urban, street
to achieve wafer quality standards" and highway, industrial, and rural
at the edge of a mixing zone in moststormwater runoff will be signifi-
instances receive more treatmentcantly, different than the BMPs of
than isnecessary to protect desig- the type being fostered today as
hated beneficial uses, since theappropriate for stormwater runoff
worst-case conditions the standards poliution control.
are designed to protect rarely occur The evaluation of the effective-
in US waters.- ness of the BMPs in achieving MEP

Therefore, it is not that there is should be based on how well the
need to regulate urban industrialBMP addresses/controls the water
and rural stormwater runoff chemi-quality use impairment and not, as
cal constituents differently than the is typically done today, be based on
same constituents in municipal andthe percent removal of a total
industrial wastewater discharges. Itchemical constituent across a struc-
is that in developing approaches for tural BMP. Such an approach fails to
regulating urban stormwater runoff recognize the aquatic chemistry
chemical constituents, the USEPAand aquatic toxicology of chemical
should not make the same mistakeconstituents in stormwater runoff
that it made in developing regula-as th.ey may affect, water quality. []
tions for the classical point source About tht~ Authors:
discharges of municipal and indus-G. Fred Lee, Ph.D., P.E., D.E.E.. and An,e
trial wastewaters. Jones-Lee, Ph.D., are president and vice-presi-

Some regulatory agencies and dent respectively of G. Fred Lee & Associates, a
specialty environmental consulting firm located in

environrilental groups are attempt- . El Macero, California..
ing to def’me the MEP term to mean’
achieving state water quality stan- The second and third parts of this
dards at the edge of the mixingseries will discuss approaches devel-

zone where the stormwater dis-aped by California’s Stormwater

charge enters the receiving water.Quality Task Force for implement-

While they acknowledge it is not ing urban storn~waterrunoffwater

possible to accomplish this today,
quality evaluation and con~ol..:

they are attempting to develop reg- [,r mare information anti a list at rat, freer, en

ulations which establish these stan- UOs suOlect, rdr~le eel on me reader service card.
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Implementing
Urban Stormwater Runoff Quality

Manage e   R gmuons
Lee, G. F. and Jones-Lee, A., "Implementing Urban Stormwater Runoff Quality
Management Regulations, "WATE1L’Engineering & Management 14.__~2:38-41
(1995).

This is the second in a series of i~m he state of California is recog- region.~, water quality control
three articles on urban stormwater H       nized as beir.L among the lead- boards which regulate urban
runoff. In the March issue of WEM, ers in the United States in stormwater runoff within the state,
Part I discussed the need to regulate developing consensus approachesmunicipal stormwater dischargers,
urban, industrial and, for that mat- for implementing the federal andrepresentatives of various industrial
ter, ruralstormwater runoff quality state stormwater runoff quality and trade associations, envirortmen-
differently than the approach that management regulations. This lead-tal groups, consultants, academia,
was and is being used for munict- ership role evolved out of the Statethe California Highway Depart-
pal and industrial wastewater dis- Water Resources Control Board merit, and various county highway
charges. The second part focuses on (SWRCB) working with a number of departments and others interested
some evolving concepts that recog- stormwater quality managementin the urban stormwater issue. Par-
nize the need for different regulato- entities to develop a cooperativeticipation in task force activities is
ry thinking. Also, attention is given approach toward stormwater quali- open to anyone who is interested.
to the regulation of chemical con- ty evaluation and management--anThe task force is organized through
stituents in sediments associated action promoted through the state’sthe California chapters of the Amer-
with stormwater runoff. Stormwater Quality Task Force. ican Public Works Association.

This task force, consists of mere- The group assisted the SWRCB in
bets of the SWRCB along with developing early NPDES permits for

This stormwater drain is like thousands of others across the country--with one notable difference. Readers may recognize in the background the famous tower and
the stands along the finishing straightaway at the Indianapolis Speedway. Stormwater that enters this drain for most of the year probably is rather innocuous. But
when the race cars are there during the spt~ng, throngs of people and their vehicles visit the s#e for the events leading up to the big race, the race itself, and its
aftermath. The runoff generated by a rainstorm in that period could contain significant concentrations of petroleum and other potentially harmful products.
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urban stormwater dischargers withtoxic, non-available forms. There-by any amount for more than once
populations above 100,000, devel-fore, as discussed in the first article in three years represents a violation
oped a’ best management practicesin this series, excursions outside aof the NPDES permit and is subject
guidance manual, which was activewater quality standard based on to regulatory action. This definition
in formulating a consensus approach total concentrations of chemical is well known to be extremely over-
for reauthorization of the urban constituents atthe edge of a mixingprotective since substantial viola-
stormwater runoff quality manage- zone for the stormwater runoff, tions of many water quality stan-
ment sections of the Clean Waterwhile causing an administrative out- dards can occur on a routine basis
Act, and assisted in the development of-limit quality situation in the. ambi- without significantly adversely
of state regulations and implementa-exit receiving waters,
tion guidance for urban and industri- does not necessarily
al runoff monitoring and manage-cause a real designat-
ment practices. Through the leader-ed-use impairment
ship of the task force, California is of these waters.
recognized as being one to two Further, the short-
years ahead of many other states interm episodic nature It~stlre at
implementing the necessary pro-of most urban
grams. The cooperative consensusstormwater runoff
approach developed in California is events means that
becoming a pattern for similar pro-the conventional
grams in other states. .’ standards used to

A review of the associated techni- regulate mi~nicipal and industrial affecting the designated beneficial
cal issues led the task force to con-wastewater discharges based onuse of the waterbodies.
dude quite early in its deliberations their acute and chronic toxicity to
that urban stormwater runoff effects aquatic life would over-regulate the Techldcagy Vaid Watelt Ql~dity 8ta~lal~lS
must be evaluated and managed in atoxic-available forms of chemical10tt 8t0t~r/lt~ IlUtl~
different way than has beenconstituents in typical urban runoff. . The California Stormwater Quali-
employed for other point source dis- This is because the exposure time ofty Task Force has adopted the posi-
charges, such as municipal andaquatic organisms in the receiving tion that urban stormwater runoff
industrial effluents. Initially, this was waters for the stormwater runoff is disc~’e requirements should not
motivated by the finding that con- considerably shorter than the peri- be based on meeting current water
ventional treatment methods usedod which the water quality start- quality standards at the edge of a
for municipal and industrial waste-dards were designed to address,mixing zone. The task force, in con-
water discharges could not beWhile the USEPA’s water quality ca-i- nection with its work on reautho-
applied to urban stormwater runoff teria have, since the mid-1980s, uti-rization of the Clean Water Act,
because of the very high costs of lized a one-hour maximum and four-joined with other groups in calling
treatment to achieve current waterday ave.rage concentration forfor the USEPA to develop technically
quality standards at the edge of the implementing requirements to con-valid water quality criteria and state
mixing zone in the receiving waters,trol acute and chronic toxicity to standards that could be used to con-

~° aquatic life, it is well known that for trol real water quality problems asso-
Teflufl~ll$ VaBd/lilOl~aflle$ ¯ essentially all chemical constituents ciated with urban stormwater

Coincident with gaining an theseperiods are grossly exaggerat-runoff. In the latest proposed revi-
understanding of the very tfigh costs ed in terms of protecting the desig- sions of the Clean Water Act’s
associated with trying to follow the mated beneficial uses ofwaterbodiesstormwater quality management sec-
conventional wastewater manage-from aquatic organisms of potential tion, a consensus among various
ment practices used to comply with concern at the edge of a point orinterested agencies and entities
ambier~’t water quality standards, thenon:point source discharge mixing called for a ten-year moratorium in
task force members came to thezone. the application of water quality stan-
realization that attempting to man- Basically, it is virtually impossible dards to urban stormwater runoff.
age chemical constituents in urbanfor aquatic organisms in the receiv- Duri2.~g the moratorium, the
stormwater runoff similarly would ing waters’ watercolumn to receiveUSEPA wot-ld be provided with $10
result in massive over-regulation ofan acute or chronic duration of million per year, for a total of $100
the chemical constituents in the exposure at the edgd of the mixingmillion, to conduct research which
runoff. This in turn would result in zone. The USEPA recently admowl-would lead to development of an
large-scale waste of public and pri-edged this problem and is changing appropriate stormwater quality crite-
rate funds for treating this runoff to the exposure period against- whichria, an an approach that could be
meet the quality standards. It has the water quality criteria, and theused by the states to implement
been known since the mid-1960sstate standards based on them, arethese criteria in the NPDES permit
thatmany of the chemical con- implemented. The agency also is insystem governing stormwater
stituents in urban stormwater the process of changing the allowed runoff. These criteria ~�ould be
runoff, as well as in the runoff from frequency of violations. Today, a designed to protect desi.~ated ben-
rural areas, were present in non-violation of a water quality standard eficial uses of receiving waters from
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impairment by chemical con-runoff from industrial properties can ical constituents in aquatic sediments
stituents in urban stormwater rtmoff exceed various NURP values, as wellcan be toxic or otherwise available to
without significant unnecessary as USEPA water quality criteria/start-adversely affect the designated bene-
expenditures for chemical con-dards, by considerable mounts, andficial uses of the waterbody in which
stituent control in this runoff, still not be adverse to the beneficial the sediments are located. While

These criteria would need to beuses of the waterbodies which the there may be a desire to regulate in
consistent with wet weather stan- runoff enters. A significantly differ- terms of the chemicals associated
dards, such that during the period of ent approach needs to be developedwith deposited sediments through
a runoff event, the concentrations of at the federal and state levels to pro-water quality criteria and standards,
chemical constituents in the runoff tect surface and groundwater quality such an approach is not appropriate
would be allowed to exceed currentassociated with industrial stormwa- and fails to recognize the aquatic
ambient water quality standards nearter runoff that will protect the desig- chemistry and toxicology of sedi-
the point of discharge period. This hated beneficial uses of receiving ment-associated contaminants.
technically valid approach should be waterbodies without wasting funds Two principal water quality con-
followed in developing regulatory on ineffective or inappropriate con- cerns are associated with chemicals
approaches for controlling real trol programs, in sediments. One is the potential for
water quality problems associated toxicity effects on benthic and
with urban stormwater runoff. Wat~ ~ 81~ltlflgalt~ . " epibenthic organisms within or

Also, these could be wetweather O| ~ g~lillOol~l$ I~ Salflllttl~ upon the sediments. The second is
standards where, during the period Referring again to the previous the potential for some sediment-
of a runoff event, the concentrations article in this series (April WEM), borne chemicals to accumulate to
of chemical constituents in the we discussed the potential signifi- excessive levels in benthic and
runoff would be allowed to exceedcance of particulate matter inepibenthic organisms that can serve
current ambient water quality stan-stormwater runoff on receiving as food for higher trophic-level
dards near the point of discharge, water quality. There are two princi- organisms, such as other aquatic
provided that over-the-limit excur- pal areas of concern. One is the par-life, man and terrestrial wildlife. The
sions do not cause significant impair- ticulates themselves, irrespective ofaccumulation of chlorinated hydro-
ment of the designated beneficial .. carbon pesticides,
uses of the waterbody. This is a tech- PCBs and mercury
nically appropriate approach that in fish flesh, caus-
should be followed in developing :industrial ing the fish to be
regulatory means for controlling real

as well as
considered unsuit-

water quality problems associated
’ �0nsider- able for use as

.with urban runoff, human food, is an
example of this

I~ltlllf~ll ~ Iilleelf type .of problem.
While there is widespread agree- ~. Since the mid-

ment that the current ambient water 1970s the USEPA
quality standards should not be and the US Army
applied to urban stormwater runoff, their chemical characteristics. TheCorps of Engineers have been regu-
the USEPA and the states are apply-other is the chemicals of concernlating contaminated sediments asso-
ing these standards to industrial associated with the sediments asciated with navigational dredging of
stormwater runoff at the edge of the precipitates and attached to theUS waterways. Based on the results
property. This is not technically particle surfaces. Chemical corn-of the Corps’ Dredged Materials
appropriate and results in over-regu- pounds associated with particulates Research Program in the 1970s,
lation of the associated chemicalsare typically non-toxic and non- where it was found that concentra-
contained in the runoff. Similarly, available and, therefore, should nottions of chemicals in sediments
significant over-regulation of be regulated in terms of the receiv-were not reliable indicators of water
stormwater discharges for industrial ing waters’ quality standards. Thesequality, the Agency and the Corps
sites covered by the USEPA’s multi-standards are applicable to thedeveloped biological effects-based
sector permit is occurring. Thewater colunm. They do not consid- contaminated sediment evaluation
Agency’s proposed idea of using er the potential effects of contained criteria. Rather than trying to esti-
benchmark values based on waterchemical constituents on suspend- mate sediment toxicity based on
quality criteria and its National ed sediments in stormwater runoffchemical characteristics (an unreliable
Urban Runoff Program (NURP) stud-that become part of the depositedmethod), direct measurements with
ies also is technically invalid, and (bedded) sediments, toxicity tests are used.
will result in significant over-regula- It is well known that while most Assessing the potential for bioac-
tion of many industrial stormwater chemicals in sediments are detoxi-cumulation of sediment-bound
discharges, and wasted funds devot- fled, i.e. non-toxic, non-available,chemical compounds in higher
ed to inappropriate monitoring there are situations where the detox-trophic level organisms requires
activities, ification capacity of the sediment is measurement of actual accumula-

Concentrations of chemicals in exceeded, with the result that chem-tions that occur in the tissues of
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desirable organisms in the water- The Long and Morgan ER-M co- determined by site-specific stud-
body of concern. There is no reli-occurence-based values are consid-ies, in this case of the Santa Moni-
able approach available today toered by many to be unreliable indi-. ca Bay area.
predict, based on sediment concen-caters for establish-
trations, whether a particular con- ing the toxicity of
stituent, such as mercury, willheavy metals and
bioaccumulate in aquatic organ-other constituents i$lte
isms that may be a source of foodof aquatic sedi- Jii:0fa
for man to a sufficient degree to bements. The ER-M
potentially harmful ff consumed, values are based on

To determine if there is a needtotal concentra- higher
to control the chemical con-tions. It has been
stituents of runoff sediments, it is known for over 25
necessary to conduct site-specific years that there is
investigations of how the bedded no    relationship
sediment contaminants are affect-between the total concentration of If the issue of concern is heavy
ing the designated beneficial usesa chemical constituent in sedi-metal toxicity in aquatic sediments,
of the associated waterbody. There ments and that constituent’s effect then measurements of toxicity
is no reliable way at this time, andon aquatic life toxicity, or its avail- should be made. If the sediments
none is foreseen in the near future,ability for bioaccumlation in the tis- are in fact toxic, then TIE studies
to predict, based on concentrations sue of higher trophic level aquatic should be conducted to determine
of sediment-associated constituents organisms, if the source is chemical contami-
in stormwater runoff, the potential Managers of the Santa Monica nation in the stormwater runoff
effects these compounds would Bay Restoration Project assumedbefore any large expenditure of
have on the receiving water’s qual-that since heavy metals in somepublic funds is committed. Further,
ity when the suspended sedimentwastewater sources were toxic tobefore structural BMPs are adopted
of concern becomes part of theaquatic life, the heavy metals inin a Bay restoration plan based on
bedded sediments, urban stormwater runoff fromcontamination control, identifica-

streets and highways in the local tion of specific causes of sediment
Santa Moldca Bay RestoratlonProject      watershed also had to be signifi-toxicity should be accomplished.

Recently, the Santa Monica Bay, cantly toxic to aquatic life if they Subsequently, source control of the
California, Restoration Project haswere present in the Bay’s sedi-offending constituents should be
adopted a restoration plan thatments. Even though the projectimplemented. If it is then estab-
Galls for the expenditure of $42 rail-team, the Water Resources Controllished that source control is not suf-
lion over a five year period for theBoard and the USEPA’s Region IXficient to avoid impairment of the
development of structural best staff were made aware of the unxe-designated beneficial uses of Santa
management practices (BMPs) forliability of the test method used to Monica Bay waters, treatment of
the control of selected chemicalestablish the need to control cer- the stormwater runoff can be
constituents. Examples are severaltain heavy metals, these agenciesadopted as an appropriate method
heavy metals in urban stormwaterchoose to ignore the large amountfor restoring the Bay. ¯
runoff in the Santa Monica Bay of information in the aquatic chem-
watershed. Review of the technicalistry .and aquatic toxicology litera- About the Authors:

G. Fred Lee, Ph.D., P.E., D.E.~., and Anne
basis for development of this ture that shows that ER-M values Jones-Lee, Ph.D., are president and vice-presi-
restoration plan shows that it was should riot be used as a basis for dent respectively of G. Fred Lee & Associates, a

specialty environmental consulting firm located inbased on the finding that sinceestablishing regulatory programs. F.I Macero, Califomia.
urban stormwater runoff typically The ER-M values are easy to use,
has elevated concentrations ofbut they are not technically appro-
heavy metals (e.g. copper, zinc,priate for this situation.
cadmium, nickel, lead, chromium, The development of the expert-
silver), and that some of these accu-sive Santa Monica Bay Restoration
mulate in Santa Monica Bay sedi-Project’s Plan of Action to estab-
ments to concentrations that lish chemical contaminant control To conclude the series on urban
exceed the arbitrarily establishedusing structural BMPs without in’st stormwater runoff management, a
Long and Morgan ER-M values. This finding a real stormwater runoff third article will bel~ublished in the
component of the Bay restoration quality problem is becoming rec-May issue of WEM. It will focus on
plan focuses on the presence ofognized as an example of how sed-stormwater monitoring and model-
chemicals in the area’s stormwateriment data should not be used to ing, the iml~ortance of aquatic
runoff and in Bay sediments at ele-evaluate the potential effect ofplant nutrients that cagse water
vated concentrations, irrespective contained heavy metals. Obviously quality impairment in =,receiving
of whether these concentrations before a waterbody restorationwaters, and on sedim~¢nts that
are adverse to the designated bene-plan is developed, a real wateraccumulate as hazardous wastes
ficial uses. quality/use impairment should be in, for instance, detention basins.
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Water Engineering & Management 14._.~2(5):51-53 (1995)

issues in Managing
Urban Stgrn water Runoff Quality

by D~’. G. ~ed Lee and D/’, Anne Jones-Lee

The third and final article in a ever, on the available forms of phos-being done provides essentially no
series addressing urban stormwater phorus found in this runoff to be useful~ information on the potential
runoff deals with such issues asable to estimate the quantities ofeffects of the associated chemical
monitoring and modeling, highway algal-available P in a runoff water,constituents on receiving water qual-
runoff, classification of stormwater Normally, this is equal to the soluble ity. Grabbing a few samples of runoff
sediments as hazardous wastes,orthophosphate plus about 20 per- from a few storms over a year and
and. the significance "of. aquatic cent of the particulate phosphorus, analyzing them for a few indicator
plant nutrients and aquatic life tox- Some groups are calling for a banparameters does not properly char- ’
icity testing. The first two articles, on the use of lawn fertilizers inacterize the concentrations of total
which appeared in the March and urban areas in an effort to try to chemical constituents ~of potential
April issues of WEM, discussed areduce the phosphorus content of concerti, much less the concentra-
number of the technical issues to beurban stormwater runoff. As in the tions of toxic-available chemical con-
be considered in developing a case of other chemical constituents stituents that could be adverse to the
stormwater runoff water quality in such runoff, site-specific studies designated beneficial uses of the
management program, have to be conducted to determinereceiving waters.

whether controliing the phosphorus About all that can be said for the
Aquatic Plant Nutrients to a certain extent will have a signif- current urban stormwater runoff

The aquatic plant nutrients, nitro-icant effect on the water quality- quality monitoring program is that it
gen (N) and phosphorus (P) com-related beneficial uses of the receiv-confirms what is already Imown.
pounds, are of potential concern in ing water. It has been found that to Based on total constituent analysis,
urban stormwater runoff due to their change the degree of eutrophication there are chemicals in runoff from
ability to stimulate excessive growth of a waterbody to a perceptibleurban areas at concentrations that
of aquatic plants in receiving waters, amount, it is necessary to reduce theexceed the USEPA’s water quality
The eutrophication (fertilization) of quantity of algal-available P entering criteria, and state standards based on
a waterbody can be significantly the waterbody by about 25 percent, these. However, as discussed in Part
detrimental to water quality-related It is unlikely that ozrtailing the use of I, exceeding a state water quality
beneficial uses. It was found in the lawn fertilizers will have a significant standard for a contained chemical in
1970s that urban stormwater runoffimpact on most waterbodies sincea runoff does not mean that a desig-
contains about 100 times the totalsuch fertilizers represent a small parthated beneficial use impairment will
concentrations of phosphorus that of the total phosphorus load in occur in the receiving waters. To
are typically derived from stormwa-urban runoff. Further, excep.t formake that assessment, it is necessary
ter runoff from forested areas, andsome urban lakes which essentiallyto conduct site-specific evaluations
about 10 times the amounts con-receive only this type of runoff, it of the effect of rtmoff-~ssociated
tributed from many agricultural will be uniikeiy that reducing the constituents on the beneficial uses.
areas.-It was also found then thatamounts of nitrogen and phospho- The California Stormwater Quail-
substantial portions of the nitrogen rus will significantly improve the ty Task Force has been working
and phosphorus components are ineutrophication-relatedquality of toward modifying the monitoring
particulate forms that are not avail-waterbodies, program requirements so that a
able to . support aquatic plant number of stormwater management
growth. Stormwater Runoff Monitoring agencies could pool their monitor-

As with most other chemical con- Primary emphasis in stormwatering resources to develop a fund that
stituents in urban stormwater runoff, runoff quality management pro- could be used to conduct site-specif-
the total concentrations of a con- grams today is. being given to moni- ic evaluations. Rather than collecting
stituent, such as nitrogen or phos- toting for selected parameters. Aadditional stormwater quality data
phorus, is an unreliable indicator ofcritical review of the .typical pro- on the concentrations of selected
potential water quality problems, gram, however, shows that thechemicals, it is more technically

. Sufficient work has been done, how-extent and degree of monitoringappropriate and cost-effective to use
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the monitoring funds to ;’define. stormwater inlet structures. At this available that can reliably assess
whether real water quality usetime emphasis in implementingstormwater quality effects.
impairments are, in fact, occurringBMPs for’highways should be based Some have asserted that equilibri-
in receiving waters, on litter control and the control of m-based water chemistry models

erosion associated with new high- such as the USEPA’s MINTEQ model
Highway Runoff Effects way construction. There is no tech- can be used to predict the~ Eoncen-

Several years ago, the Federalnical justification to assume that con- trations of toxic-available forms of
HighwayAdministration(FHA)spon- structing detention basins, grassy chemical constituents in urban
sored a number of studies devoted to swales, etc., for "treatment" of high- stormwater runoff. Such- assertions
evaluating the water quality signifi- way runoff is in fact controlling pol- are technically invalid since many of
cance of chemical constituents in lutants that are significantly detri- the particulate forms of chemicals
highway runoff. It has been known mental to beneficial uses. Before anyfound in urban runoff have unknown
since the 1960s that runoff fromstructural BMPs are constructed to chemical characteristics and for
urban streets and highways contains treat runoff, site-specific investiga- which there are no thermodynamic
high concentrations of chemicals tions should be conducted that equilibrium data. At this time, the
that, if in toxic-available forms, could demonstrate that there is a realonly reliable approach for assessing
have significant adverse effects on .0water quality use-impairment associ-whether a particular runoff water
beneficial uses of receiving water-ated with the current runoff. Where will be toxic to aquatic life is through
bodies. However, the work done insuch problems are found, thenthe direct measurement of toxicity.
the 1960s showed that many. of theefforts should be made to try to con- This cannot be accomplished with
chemicals from streets and highwaystrol them through controlling the chemical measurements.
were in non-toxic, non-availablespecific causes of the use impair- Because of the variable concen-
forms. This meant it was not possi- ’.ment. It is malikely that conventional trations of chemical constituents in
ble to relate the analytically-mea-structural BMPs will be effective in urban stormwater runoff, various
sured concentrations of these corn- addressing these types of situations, investigators have attempted to char-
pounds to water quality, acterize the concentrations found in

Unfortunately, those responsible StoPmwater Quality Modeling a runoff event through the use of
for conducting the mid-1980s studies A substantial literature has accu- what is called an event mean con-
for the FHA did not properly evaluate mulated on the subject of stormwa- centration. While such an approach
whether the elevated concentrations ter quality modeling. Sophisticated makes modeling of an event for total
of chemicals in highway runoff were computer models have been devel-constituents easier to achieve, it fails
in forms that could adversely affect oped which are said to provide infor- to properly address how chemical
the receiving water quality. The mation pertinent to urban stormwa- constituents in urban, highway and
authors of these studies labeled all ter quality impact evaluation and other stormwater runoff sources
constituents as pollutants, without management. However, a criticalinfluence aquatic life-related benefi-
fintling a case of water pollution (use review of these models shows they cial uses of waterbodies. It has been
impairment) in their studies, are simply chemical constituentknown since the 1960s that aquatic

The inappropriate labeling of models that can describe to someorganisms respond to the concentra-
these materials as pollutants is con-extent the total concentrations of tion of available form/duration of
tributing to significant problems for selected chemical constituents atexposure relationship that they
federal and state highway depart-some location in the stormwaterexperience. The event mean con-
ments. Environmental groups are ill-runoff system. To be able to relatecentration for a stormwater runoff
ing suit against them to have the the concentrations predicted based event is not a reliable approach for
courts force them to control =poilu- on such models, it is necessary to assessing the potential effects of
tion" from highway runoff arising conduct site-specific evaluations of chemical constituents on aquatic
from the elevated concentrations of the relationships between the total life, and should be abandoned.
alleged "pollutants." Experience concentrations of the constituents of
shows it would be rare where high-potential concern and the toxic- Rlln0ff 10xlcity
way and street runoff-associatedavailable forms in stormwater runoff Since it is not possible to reliably
chemicals would have any siguifi- from a particular ~ea. predict, using chemical measure-
cant adverse impact on designated Further, there is need to relate thements, whether a chemical con-
beneficial uses. The fact that heavyconcentration of toxic-available stituent in stormwater runoff is toxic
metals and other runoff chemicalsforms in stormwater runoff to site- t0. aquatic .life in receiving waters,
are in non-toxicforms, coupled with specific use impairments in thethe use of aquatic life toxicity tests is
the short-term epzsodic nature ofreceiving waters. The current rood- beginning to be more widely prac-
runoff events, suggests it is rare that eis do not provide this type of infor- ticed. These tests can be used to
these compounds are real pollutantsmation. To be true stormwater qual-determine whether the regulated as
that should be controlled using best ity models, they must incorporate well as the unregulated chemicals in
management practices (BMPs). basic information from aquatic runoff present a potenti.a~...~ signifi-

Highway litter, however, can chemistry, and aquatic toxicology as cant threat to aquatic life du~.e to tox-
cause significant impairment if it they relate to the true water quality. icity. Caution, however, "must be
t’mds its way into receiving water- effects of stormwater-derived chemi-exercised in the mterpret~atzon of
bodies. This litter also can con- cal constituents. It could be many results. The toxicity tests typically
tribute to flooding by blocking years before such models will beused significantly overestimate the
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actual toxicity since their duration other purposes for which it is inap- narily, this lead, originally derived
provides longer exposure to aquatic propriate and was not intended. A from its additive use in leaded gaso-
organisms than they normally aresediment or soil that passes the line, does not leach sufficiently in
exposed to in receiving waters. Ordi-TCLP test can be hazardous to publiciSae TCLP test to exceed the USEPA’s
narlly, the runoff is rapidly diluted, healfh and the environment depend-arbitrary 5 mg/l hazardous waste
with an associated loss of toxicity, ing 6n how it is managed, classification limit. It does.frequently
The aquatic life toxicity tests of the Another common mistake madecause sediments to exceed the Call-
type available today should only be~ in using the TCLP test is to assumefornia Title 22 limit of 1,000 mg/kg
used as a screen for potential toxici-that a material classified as haz-for classification as hazardous waste.
ty. They should not be used as aardous according to TCLP also The approach that should be used
direct regulatory limit. If toxicity is would be hazardous to aquatic life. to evaluate potential public health
found, then site specific investiga- TCLP classification is based on the and environmental effects of chemi-
tions should be conducted to con- leaching of selected chemicals fromcal compounds present in sediments
firm the information, solid material under certain condi-which collect in stormwater treat-

tions whicti mimic to some extentment structures installed as BMPs is
~t0emwateP Run0It 8eOimnts the .environment present in a munic-to make a site-specific evaluation of
as Hazardous Waste ipal solid waste landfill,..where the the hazards that these chemicals rep-

Increasing concern is evolving concernis that the leached con-resent atthevariouslocationswhere
about the potential for stormwater ~timents would bed~sme part of athe sediments accumulate. Those
runoff sediments that accumulate ingroundwater-based domestic waterwho are concerned with stormwater
detention basins, highway drop supply. This app.r~.ilCh" has no rela- runoff quality and regulations on a
inlets, grassy swales, etc., being claytionship to whethe~ the material is daily basis should work with federal
sifted as a hazardous waste becausehazardous to aqiJ~tic or terrestrialand state agencies to eliminate the
of excessive concentrations of life. The TCLP test f6clises primarilyuse of the arbitrary approaches that
chemical constituents. Classificationon the potential fo~ chemical con- are in effect today for classification
of a stormwater detention basin sed-stituents to cause, cancer- in peopleof. stormwater-derived sediments as
iment as a hazardous waste can rep-who are eXPOSed 6ver their lifetimehazardous waste.
resent a significant increase in thethrough drinking water. These con-
cost of managing the sediments,stituents are primarily Priority Pollu- All 0vePal[ l/Jew
Often managing a hazardous wasterants. The critical Concentrations for The implementation of the 1987
costs about 10 to 50 times more thanmany of these regdLat~d ~irough the Clean Water Act requirement for
using them as fill or placing them inTCLP test have no relati.o.nship to the controlling pollution of the nation’s
municipal solid waste landfills. The critical concentrations f6r the samewaters by urban and industrial
USEPA, as part of implementingconstituents to aquatic life. In some stormwater runoff is challenged by a
RERA, has developed various proce-cases aquatic life is more sensitive,number of complex technical issues.
dures for classifying materials such and in others less sensitive than the They need to be resolved before
as soils and sediments as hazardousTCLP values, their can be cost-effective manage-
waste. While there is potential con- Detention basin sediments classi- ment of the real water quality prob-
ceru about stormwater sedimentsfled as hazardous waste is an evenlems associated with stormwater
from certain types of industrial prop- more complicated issue in somerunoff. Much remains to be done to
erties being classified as a hazardousstates. California has developed itsdevelop specific approaches that
waste based on the origin of the sed-own set of hazardous waste classifi-can be used to control stormwater
iment (the Derived-From Rule), the.cation values. It uses a somewhat dif-runoff-caused pollution to the maxi-
greatest concern for urban stormwa-ferent leaching test and also has a setmum extent practicable. The key
ter sediments collected in structural of total concentrations of chemical issue in developing an effective man-
BMPs is the leaching characteristicsconstituents in sediments or soil agement program is whether current
under the Toxicity Characteristics which def’me the sediment or soil asstormwater runoff quality is in fact
Leaching Procedure (TCLP) test. hazardous. A detention basin’sedi-having significant adverse effects on

This test was developed as anment that passes the TCLP test maydesignated beneficial uses ofreceiv-
administrative test to be used to fail California’s Title 22 hazardousing bodies of water. Failing to prop-
determine whether a solid wastewaste classification and would have erly dethae th real pollution prob-
should be placed in~ a hazardousto be managed as a hazardous waste,lems. of stormwater runbff could
~vaste landfill or in amtmici~af land-However,. independent, of the arbi-.result in excessive waste 0f public
ftll. The Agency was not trying to trariness of these classification val- and private funds in the regulatory
reliably delineate whether a materialues, they are regulatory require-effort. []
in a sediment or soil is hazardous,ments that must be considered in
Rather, it was trying to limit the size the management of stormwater rnv ~ ~n~m an has s~iea as wa as a

of the hazardous waste stream thatdetention basin sediments. ~ gt ~gtea, gra~s tca~ tnmvtde attairl~ asauss/on

had to be managed as hazardous Lead is of great concern if it is
waste where the focus of thecontained in detention basin sedi- About the Authors:
resources available would be onmerits. Urban soils and soils near~. Fred Lee, Ph.D., P.E., D.E.E., and Anne
those wastes that represent thehighways often contain lead at con- Jones-Lee, Ph.D., are president and vice-presi-
greatest hazard. Unfortunately, this centrations of at least 500 and fre-

dent respectively of G. Fred Lee & Associates, a
¯ specialty environmental consulting firm located in

test is being used for a variety, of quently 1,000-1,500 mg/kg. Ordi-El Macero, California.
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